Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 



M 







DEPARTMENT OP COMMERCE AND LABOR 
BUREAU OF STANDARDS 

S. W. STRATTON. DincM 



MELTING POINTS OF THE IRON GROUP 
ELEMENTS BY A NEW RADIA- 
TION METHOD 



G. K. BURGESS, Associate Physicist 

Buitau ofSlandards 



[APRIL 4, 1907] 



REPRINT NO. 62 

(FSOM BUIXBTIN OF THE BUBBAU OF SIAHSARDS, VOL. 3, HO. 3) 




WASHINGTON 

GOVERNMENT PRINTING OFFICE 

1907 



I 



MELTING POINTS OF THE IRON GROUP ELEMENTS BY 

A NEW RADIATION METHOD. 



By Geo. K. Burgeat. 



Recently* Dr. Waidner and the author suggested two radiation 
methods for the determination of high melting points of substances 
in minute quantities. The first depends on the total radiation from 
a surface as measured in terms of some instrument making use of 
the Stefan-Bolzmann law. The second method is based on the meas- 
urement of the intensity of a particular monochromatic radiation 
from platinum or other substance; that is, it makes use of an instru- 
ment based on Wien's equation." 

Some preliminary measurements made at that time by the second 
method on the metals of the iron group showed it to possess consid- 
erable accuracy and to be particularly applicable to the easily oxi- 
dized elements if the melts were obtained in an atmosphere of pure 
hydrogen. It was also demonstrated that a compound of one of the 
refractory elements, which could be reduced to the metal by hydro- 
gen, might serve as material for determining the melting point of 
the pure metal. 

The present paper is an account of the application of this second 
method to the determination of the melting points in hydrogen of 
the members of the iron group, using, for the measurement of tem- 
perature a Holbom-Kurlbaum optical pyrometer, and the data on 
the monochromatic radiation from platinum published in this 
Bulletin.' 

^Waidner and Burgess: On the Determination of Melting Points by Radiation 
Method, Phys. Rev., 22, p. 359; 1906. 
* A discussion of the laws of radiation will be found in this Bulletin, 1, p. 189; 1905. 
'Waidner and Burgess, this Bulletin, 8, p. i; 1907. 
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Experimental Method. — The arrangement of the apparatus is 
shown in Fig. i, and is as follows: Within the blackened brass 
cylinder C is a strip of pure platinum P, about 6 cm long, 4 mm 
wide, and 0,0a mm thick. This platinum strip is heated electrically 
to any desired temperature, and by means of a rheostat, which has a 
fine adjustment, verj- delicate control of the temperature of P is 
obtained. The cylinder C is connected to an electrolytic hydrogen 
generator in series with an alkaline pyrt^llate solution and a drv- 




Flj. 1. 

ing tube of calcium chloride. At M is a removable window of thin 
mica, giving access to the cylinder and permitting observation of P 
both with the microscope N and the optical pyrometer H. 

To take an observation of a melting point, a minute quantity of 
a metal or its oxide, usually about 0.001 mg in the form of powder, 
is placed at the center of the platinum strip P, the window M 
screwed down, the cylinder closed and filled with hydrogen, and 
then the electric circuit is made through P. One observer watches 
the metallic speck or dust through the microscope and gradually 
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increases the current until the melting point is reached, while, 
simultaneously, another observer reads this temperature with the 
pyrometer. Only one melt is taken on a given platinum strip. 

Temperature Scale. — The Holbom-Kurlbaum pyrometer was 
calibrated by sighting upon an improved form of the electrically 
heated experimental black-body due to Lummer and Kurlbaum, 
the temperature of which was given by the electromotive forces 
of two platinum, platinum-rhodium thermoelements as measured 
on a potentiometer. The temperature scale of the thermoele- 
ments was obtained by assuming the following melting points: 
Zn = 4i9?o C, Sb = 630?5, Cu— io84?o, all these metals being 
of "Kahlbaum" purity. As an upper fixed point, the melting point 
of platinum was taken as 1753° C, determined from measurements 
with the optical pyrometer. In the optical pyrometer two lamps 
were used which gave practically identical values for every tempera- 
ture observed. As the establishment of the high temperature scale 
of the Bureau of Standards is treated at length elsewhere* in this 
Bulletin, further discussion of this scale need not be given here. 

The indications of the optical pyrometer, when sighted upon 
platinum through a mica window, are subject to two corrections, 
one for the reflection and absorption of the mica, the other for the 
selective emission of the platinum for the light used — in this case, 
red light X'=o.66/a. The former correction, which is about 15°, is 
easily determined and checked between measurements of the melt- 
ing points by taking observations of the platinum brightness at a 
definite temperature both with and without the mica interposed, 
with a second mica strip always in place to prevent air currents. 

The correction for the selective emission of platinum is discussed 
in the paper above cited. The magnitude of this correction varies 
from no to 160° C and is known to at least 10° within the tem- 
perature range here used. 

Sources of the Materials. — Chemically pure elements are difficult 
to get, and it is desirable to use products from diflFerent sources and of 
known analyses. These experiments were greatly facilitated by the 
willingness of scientists possessing very pure samples to put them 
at our disposal. 

*Waidner and Burgess, this Bulletin, 8, p. i; 1907. 
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M. Copaux of Paris, who has recently* completed a most com- 
prehensive stndy of the properties of cobalt and nickel, and produced 
these metals containing less than 1/2000 part impurities, furnished 
samples of these elements. Dr. H. Goldschmidt of Essen Ruhr, 
Germany, sent pieces of his pure aluminothermic metals, namely, 
chromium and manganese, all of an average purity of 98 to 99 per 
cent ; and Prof. C. F. Burgess of the University of Wisconsin sup- 
plied samples of his pure electrolytic iron. The other samples were 
from Kahlbaum and of " Kahlbaum " grade except as otherwise 
noted. 

IRON. 

Iron from two sources was used, " Kahlbaum " iron in the torm 
of powder, and electrolytic iron in lumps, from Prof. C. F. Burgess, 
from which particles weighing slightly more than o.ooi mg were 
chipped. This electrolytic iron had the following composition, as 
determined from an analysis of a similar sample by Mr. A. A. Blair, 
of Wisconsin: 

Sulphur, none. Manganese, none. 

Silicon, 0.013 per cent Carbon, 0.012. 

Phosphorus, 0.004. Hydrogen, 0.072. 

Iron as it approaches the melting point becomes plastic, so that 
the actual temperature of melting is not sharply defined, there being 
a considerable transition region. 

The very considerable variation in the separate melts appears to 
be due mainly to the influence of size and shape of the particles on 
the viscosity and surface tension; also lack of homogeneity in chem- 
ical constitution of such minute samples may play some r61e, as well 
as variations in the temperature of adjacent areas of the platinum 
strip. That the electrolytic iron melts at a slightly higher tempera- 
ture seems probable. Any impurity likely to be formed in iron will 
lower its melting or freezing point; but the total impurities in the 
electrolytic iron here used will not cause a lowering as great as 5° C. 

* H. Copaux, Recherches experimentales sur le Cobalt et sur le Nickel, Ann. Chem. 
et Phys., 6, p. 508; 1905. 



Burggss.] 



Melting Paints of Iron Group Elements, 



349 



The corrected values found for all the separate melts are given in 
Table L 

TABLE I. Melting Point of Iron. 



C. F. Burgess 


"Kahlbaiim" 


Electrolytic. 


Powder. 


1493° 


1509° 


1519 


1494 


1518 


1512 


1512 


1483 


1512 


1507 


1514 


1491 


1489 




1508 Mean . 


• • 1499 


1508 




1494 





Mean . . . 1507 

Among previous determinations of the melting point of iron have 
been the following: 

1600° Roberts Austen, 1899. 
1575° Le Chatelier, 1901. 
1550° Osmond. 
1555° (1490°) Tammann, 1904. 

The value given by Tammann,* 1555°, is that, assuming the nickel 
point to be 1484°, as determined by Holbom and Wien.^ Tammann's 
value as obtained by extrapolation of his own thermocouple calibra- 
tion from the gold point (=1064°) would be about 1490? 

COBALT. 

Three kinds of cobalt were used : chips from M. Copaux's sample, 
" Kahlbaum " cobalt, and the metal obtained from Kahlbaum's nickel- 
free cobalt-carbonate transformed to cobalt-oxide by heating in 
air, and reduced to metallic cobalt by hydrogen, in place on the 
platinum strip on which the melt was taken. 

•Guertler and Tammann, 7a, Anorg. Chem., 45, p. 205; 1905. 
7 Holbom and Wien, Wied. Ann., 56, p. 360; 1895. 
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In great contrast to iron, cobalt possesses a \&ry sharp melting 
point, and the resulting precision is correspondingly increased, show- 
ing that the greater deviations in the measurements on iron are not 
due to the fault of the method nor to its lack of sensitiveness. 



TABLE II. Melting Pomt of Cobalt. 



Co from C0C03 


"Kahlbaum" 


Copaux pieces from 


(Kahlbaum Ni-frei). 


Powder. 




crucible melt. 


1456^ 


1470- 




1457° 


1472 


1466 




1468 


1467 


1468 




1463 


1468 


1466 




1466 


1453 


1459 




1462 


1470 


1461 






Mean . . . 1464 Mean. 


. . 1465 


Mean 


. . 1463 



Copaux himself gets 1530^ for the cobalt point by interpolation 
between the gold and platinum points, assuming the latter to be 1 780? 
Recent measurements* of the platinum point show 1780° to be high 
by about 70° on the thermocouple scale, or by about 30° on the 
optical scale, as usually defined in terms of Wien's law. Holbom and 
Valentiner,* however, have recently obtained 1789° for the melting 
point of platinum, using Wien's equation, the constants of which 
were newly determined by comparison with the indications of a gas 
thermometer up to 1600? Guertler and Tammann get 1505° for 
cobalt on the Holbom and Wien scale, or reduced, as explained in 
the case of iron, their value for cobalt would be about 1455° on the 
thermoelectric scale. 

Nickel is usually present in cobalt to at least 2 per cent, causing 
a proportional lowering of the freezing point*® of less than i ° C. Iron, 
even if present in considerable quantities, has a negligible eiBEect on 
the cobalt melting point. Cobalt is less oxidized in the air at high 
temperatures than are the other elements of the iron group, and 

^ Harker, Chem. News, 91, p. 62; 1905. Holborn and Henning, Sitzber. Berlin 
Akad., 12, p. 311; 1905. Nemst, Berichte Deut. Phys. Ges., 4, p. 48; 1906. Waid- 
ner and Burgess, 1. c. 

• Holbom and Valentiner, Ann. d. Physik, 22, p. i; 1907. 

*° Guertler and Tammann, Zs. Anorg. Chem., 42, p. 353; 1904. 
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cobalt oxide is only slightly soluble in the metal." These properties, 
taken together with its very sharp melting point, the insignificant 
effect of its usual impurities on this temperature, and its relative 
cheapness as compared with the platinum metals, make cobalt, even 
of a commercial purity, a desirable metal to use for a fixed point in 
pyrometric measurements. 

NICKEL. 

The melting point of nickel was determined with the pure metal- 
lic nickel of M. Copaux and with Kahlbaum's cobalt-free nickel 
oxide reduced by hydrogen on the platinum strip. The melting 
point is about as well defined as that of cobalt. 

TABLE III. Melting Point of Nickel. 



Pressed Nickel. 




Ni from the oxide 


Copaux. 




Kablbamn. 


1434° 




1433° 


1435 




1434 


1434 




1439 


1436 




1434 


1436 


Mean 




• • 1435 


• • • 1435 



Mean . 

The preliminar>' measurements of Dr. Waidner and the author 
showed that ** Kahlbaum '' nickel also gave the same value as the 
above. 

The following thermoelectric determinations of the nickel point 
may be noted: 

1420° Le Chatelier, 1887. 
1484° Holbom and Wien, 1895. 
1427° Harker, 1905. 
(1425-1430°) Tammann, 1905. 
1470° Copaux, 1905. 

The measurements of Copaux and of Holbom and Wien are sub- 
ject to the same corrections as discussed under cobalt. Le Chatelier's 
determination is based on a too low value of the gold point. Tam- 

** Copaux, 1. c. 



352 Bulletin of the Bureau of Standards. {yoi.j^No.j. 

mann's value is that deduced from his own observations as in the 
case of cobalt and iron. According to the measurements of Waidner 
and Burgess (1. c.) the optical is 8° higher than the usual thermo- 
electric scale at 1427°, so that the nickel freezing point, as deter- 
mined by Harker using thermocouples, is in exact agreement with 
the above optical determination. 

The presence of cobalt in nickel as impurity will raise the melt- 
ing point," while iron as an impurity in nickel will lower its melt- 
ing point. 

CHROMinM. 

Crystallized chromium from Kahlbaum was used and also Dr. 
Goldschmidt's aluminothermic chromium of 98-99 per cent purity 
and carbon free. As Table IV shows, it is about as difficult with 
chromium as with iron to get a sharp melt. Possibly the greater 
impurity of the crystallized chromium increases this effect for that 
sample. 

TABLE IV. Melting Point of Chromium. 

Cr. 9S-99 per cent 
Goldschmidt. 

1497° 

1483 
i486 

1484 

1494 



Chromium crys. 


Kahlbaum. 


1501° 


1472 


1480 


1505 


1475 



Mean . . . 1487 Mean . . . 1489 * 

A thermoelectric determination of the chromium melting point 
has been made by Lewis," using 99 per cent chromium obtained by 
the Goldschmidt process. The melt was made in a lime crucible in 
an oxy-coal-gas flame; two melts gave 1510° and 1520? 

1KAN6ANESS. 

Two samples of manganese were used: '* Kahlbaum " manganese, 
and a sample from Dr. Goldschmidt, 98 per cent manganese, car- 
bon free and technically iron free. The manganese point, although 

"Tammann, 1. c. 

" E. A. Lewis, Chem. News, 86, p. 13; 1902. 



